We aimed to evaluate the feasibility and efficacy of autologous umbilical cord blood mononuclear cell (UCMNC) transplantation on right ventricular (RV) function in a novel model of chronic RV volume overload. Four-month-old sheep (n = 20) were randomized into cell (n = 10) and control groups (n = 10). After assessment of baseline RV function by the conductance catheter method, a transannular patch (TAP) was sutured to the right ventricular outflow tract (RVOT). Following infundibulotomy the ring of the pulmonary valve was transected without cardiopulmonary bypass. UCMNC implantation (8.22 ± 6.28 × 10 7 ) in the cell group and medium injection in the control group were performed into the RV myocardium around the TAP. UCMNCs were cultured for 2 weeks after fluorescence-activated cell sorting (FACS) analysis for CD34 antigen. Transthoracic echocardiography (TTE) and computed tomography were performed after 6 weeks and 3 months, respectively. RV function was assessed 3 months postoperatively before the hearts were excised for immunohistological examinations. FACS analysis revealed 1.2 ± 0.22% CD34 + cells within the isolated UCMNCs from which AcLDL + endothelial cells were cultured in vitro. All animals survived surgery. TTE revealed grade II-III pulmonary regurgitation in both groups. Pressure-volume loops under dobutamine stress showed significantly improved RV diastolic function in the cell group (dP/dt min : p = 0.043; E ed : p = 0.009). CD31 staining indicated a significantly enhanced number of microvessels in the region of UC-MNC implantation in the cell group (p < 0.001). No adverse tissue changes were observed. TAP augmentation and pulmonary annulus distortion without cardiopulmonary bypass constitutes a valid large animal model mimicking the surgical repair of tetralogy of Fallot. Our results indicate that the chronically volumeoverloaded RV profits from autologous UCMNC implantation by enhanced diastolic properties with a probable underlying mechanism of increased angiogenesis.
INTRODUCTION
right ventricular outflow tract (RVOT) caused by anterior and leftward displacement of the infundibular septum. Hence, the closure of ventricular septal defect(s) Tetralogy of Fallot (TOF) is one of the most common cyanotic congenital heart defects. Surgical repair is inev-and the resection of the hypertrophied trabecular muscle bands in the right ventricle (RV) followed by transannu-itable and aims to normalize jeopardized pulmonary blood flow by correcting the abnormal anatomy of the lar patching is the standard corrective surgery. However, additional infundibulectomy with RVOT enlargement prepared by the Institute of Laboratory Animal Resources and the US National Institutes of Health. performed during the correction may predispose to RVOT aneurysms, akinetic myocardial regions, and pulmonary Four-month-old domestic sheep (n = 20) were used. Animals were randomly assigned to two groups as, the regurgitation with chronic right ventricular (RV) volume overload. The latter, though well tolerated in the short cell group (n = 10, mean weight: 41.1 ± 5.2 kg), which received intramyocardial UCMNC implantation, and the term, is the most dominant factor contributing to late morbidity and mortality of patients (18) . Currently, rou-control group, which received medium only (n = 10, mean weight: 37.9 ± 4.9 kg). tine and generous transannular patch type of repair has therefore been abandoned. Rather limited RVOT patch-Autologous UCB Collection and Isolation of UCMNCs ing with the preservation of pulmonary valve function, if possible, is the preferred strategy (16) . Nevertheless, Collection and cryopreservation of autologous ovine UCB was performed by VITA 34 (Vita 34 AG, Leipzig, development of RV dysfunction in the long term still remains a challenge and requires further animal and hu-Germany). After the collection of the UCB samples, dimethyl sulfoxide was added and the UCB was stored man studies to establish protective strategies. To date, however, the literature lacks a valid in vivo experimental in liquid nitrogen tanks with a temperature of −141°C according to standard operating procedures. model mimicking the postsurgical scenario of TOF patients.
Mononuclear cells (MNC) were isolated from UCB using the Pancoll (density 1.086 g/ml, PAN-Biothech Recent discoveries seem to overcome the historical consideration of the heart as a postmitotic organ, and the GmbH, Aidenbach, Germany) density gradient separation technique according to the manufacturer's protocol. detection of residing cardiac stem cells able to regenerate damaged myocardium has fueled great attention for Thereafter, definite cell count was determined. Total mononuclear cell suspension in IMDM of 1 ml volume cellular cardiomyoplasty (5, 7, 34, 42) . Although different stem cells have been used in experimental and clinical was prepared as final product for autologous transplantation on the day of the operation. settings, the ideal source for stem cell harvesting is still in debate. The ideal source of stem cells should possess Flow Cytometry of the Mononuclear Cell Fraction properties such as genetic compatibility, pluripotency, and Cell Cultures From UCMNCs and, especially for cardiac therapies, the ability to gain cardiomyocyte traits. Umbilical cord blood (UCB) is
Only for quantification of antigen expression within the isolated mononuclear cell fraction, fluorescence-acti-known to accommodate a considerable number of multipotent stem/progenitor cells (19, 26, 29, 32, 40) and can vated cell sorting (FACS, FACS Scan flow cytometer; Becton Dickinson, San Jose, CA, USA) analysis was easily be obtained during birth. Moreover, mononuclear cells isolated from the UCB have been successfully em-performed. Cells were incubated with antibodies against CD34 (CD34 goat polyclonal IgG, Santa Cruz, Santa ployed in experimental approaches for myocardial repair and regeneration, which can be expanded in vitro and Cruz, CA, USA). Subsequently, donkey anti-rabbit Alexa-Fluor 488 or secondary antibody (Invitrogen, Carlsbad, then transplanted (20, 21, 23, 25, 30, 38) .
Latest literature provides only a limited number of CA, USA) was applied. Samples lacking primary antibody incubation were used as negative controls. studies that investigate the effects of stem cells on RV dysfunction (9, 46) . No experimental approach has been After isolation from umbilical cord blood the UCMNC fraction was resuspended in endothelial media (MCDB conducted to study the potential of stem cell treatment in case of RV volume overload. Hence, the aim of our 131 Medium; Sigma Aldrich) and transferred to a culture flask. After 14 days of cultivation in endothelial experimental design was to evaluate the effects of intramyocardial transplantation of autologous umbilical cord media culture, AcLDL (low-density lipoprotein from human plasma, acetylated, Alexa-Fluor 488 conjugated; blood mononuclear cells (UCMNCs) on RV function in a novel experimental surgical model of RV volume Molecular Probes) staining was performed according to the manufacturer's instruction. These investigations were overload in sheep.
instituted to define the cell surface markers within the MATERIALS AND METHODS total mononuclear cell suspension, which was isolated Animals from the umbilical cord blood and was delivered intramyocardially. All procedures were approved by the local Animal Care Committee of Mecklenburg/Vorpommern in Rostock, Surgical Procedure Germany. Animals received humane care in compliance with the Principles of Laboratory Animal Care formu-Animals were premedicated with an intramuscular injection of 0.1-0.5 mg/kg xylazin (Rompun 2%, Bayer lated by the National Society for Medical Research and the Guide for the Care and Use of Laboratory Animals Vital GmbH, Leverkusen, Germany) and 10-20 mg/kg Ketamin 10% (Bela-Pharm GmbH & Co. KG, Vechta, and the pulmonary valve ring was transected bluntly with scissors via the infundibulotomy without the need Germany). After intubation anesthesia was maintained by inhalation of 1.5% to 2.5% isoflurane delivered through for extracorporal circulation. a ventilator (Excel 210 SE, Ohnmeda-BOC Group, Mad-Experimental Design ison, WI, USA). Oxygen was added to the respiratory circle with the aim of a peripheral arterial saturation of Each animal underwent two surgeries. During the over 94%. Invasive arterial blood pressure was meafirst operation as described above, a TAP with infunsured through right femoral artery line, central venous dibulotomy and a transsection of the pulmonary valve pressure was measured through the right jugular vein, ring with the aim of creating pulmonary regurgitation and peripheral arterial saturation was monitored with a were conducted following baseline hemodynamic meapulse oxymeter in a continuous fashion.
surements with conductance catheters. Postprocedural hemodynamic parameters were assessed to validate acute Creation of Chronic Right Ventricular pulmonary regurgitation. Thereafter, 1 ml of UCMNC Volume Overload suspension for the animals of the cell group and 1 ml of medium (10 injections of 0.1 ml) to each control animal A novel model for chronic RV volume overload mimicking hemodynamic properties after the correction were injected intramyocardially into the RV free wall below the inferior border of the transannular patch in of TOF was created by transannular patch (TAP) implantation and pulmonary valve distortion in the RVOT two rows with a special self-constructed tuberculin syringe with an epicardial stopper (a shorter 21-gauge nee-( Fig. 1a-f ). For this purpose, a left anterior thoracotomy was performed along the 5th or 6th intercostal space and dle slided over the original 30-gauge needle) to prevent ventricular perforation and outflow of the cell sus-the RVOT was exposed. A TAP (Gelweave woven vascular prosthesis, Vacutek Ltd., Terumo, Refrewshire, pension during injection. All animals received a preoperative single dose of 0.1 mg/kg body weight dexa-Scotland) was sutured from the infundibulum to the main pulmonary artery reaching approximately 2 cm be-methasone (Dexa-ratiopharm, Ratiopharm GmbH, Ulm, Germany) intravenously to prevent inflammation in-low and 2 cm above the pulmonary annulus on the RVOT with continuous 5/0 polypropylene (Ethicon, duced by multiple intramyocardial injections as described before by Borenstein and collegues (9). Although prolifer-Norderstedt, Germany). Thereafter, an incision in the RVOT was performed through an opening in the patch ative effects of dexamethasone on UCMNC have been described in vitro (24) , the single preoperative dose that values for volumetric analysis were obtained in triplicate via the thermodilution method using a Swan-Ganz-cath-was instituted in our series in vivo did not target a proliferative response of the administered cells.
eter (Arrow International Inc., Reading, PA, USA). The mean was saved for offline factor α calibration. Parallel Echocardiography was performed 6 weeks after the first operation to assess the grade of pulmonary regurgi-conductance was measured by using hypertonic saline (injection of 5 ml of 10% NaCl into the right atrium). tation. Thirty-two-slice cardiac computed tomography (CT) (Toshiba, Aquilion 32, Toshiba Medical Systems Thereafter a 23-mm balloon catheter (Fogarty Occlusion Catheter, 8-22 F, Edward Lifesciences LLC, Irvine, CA, Corp., Tochigi, Japan) was performed for the detection of any adverse tissue formation (e.g., calcification, tu-USA) was advanced through the right atrium into the inferior vena cava for standardized preload reduction mor formation) 10-12 weeks postoperatively. The blinded radiologists were asked to indicate any presence and lo-maneuvers. A series of three caval occlusions of 10 pressure-volume loops was gained during apnea. Maxi-cation of possible myocardial calcifications and tissue changes.
mum pressure (P max ), end-diastolic pressure (EDP), enddiastolic and end-systolic volume (EDV, ESV), ejection The second operation was performed 12 weeks after the first operation. Online pressure-volume loop analy-fraction (EF), cardiac output (CO), stroke volume (SV), maximal slope of systolic pressure increment (dP/dt max ), sis was again conducted for each animal under baseline and dobutamine stress conditions (3-10 µg/kg/min, tar-diastolic pressure decrement (dP/dt min ), end-diastolic pressure volume relation (EDPVR), and end-systolic get heart rate of 200-210/min).
pressure volume relation (ESPVR) slopes (E ed and E es , Analysis of Myocardial Function respectively), and preload recruitable stroke work (PRSW) were determined. We applied a volume intercept at a Pressure-Volume Loops. A combined pressurefixed pressure within the pressure range [20 mmHg for volume conductance catheter 5 F (Millar Instruments, baseline measurements (V 20 ) and 40 mmHg for dobutam-Houston, TX, USA) was inserted into the RV through a ine stress examinations (V 40 ), respectively], thus avoidsmall stab wound in the pulmonary artery. The conducing the insecurity of a linear extrapolation of ESPVR to tance catheter was connected to one pressure-volume zero pressure. Accordingly, for the positioning of the transducer system for pressure (Millar MPVS 300, EMKA EDPVR, we used a pressure intercept at a fixed volume Technologies, Paris, France) and another volume transwithin the volume range to evade linear extrapolation of ducer system for volume analysis (Sigma 5 DF, CD EDPVR to zero volume [40 ml for baseline conditions Leycom, Zoetermeer, The Netherlands). Transducer sys-(P 40 ) and 20 ml for dobutamine conditions (P 20 )] (14). tems were linked to the Millar PowerLab data acquisition hardware (Type ITF 16, EMKA Technologies) and
Echocardiography. Transthoracic echocardiography (Vivid, GE Healthcare, Milwaukee, WI, USA) was per-real-time signal processing was performed by IOX 1.8.3.20 software (EMKA Technologies). The reference formed by a cardiologist blinded to the distribution of Values are presented as mean ± SEM. n.s.: no significance; V x , volume intercept for a given pressure of x; P x , pressure intercept for a given volume of x. *Versus control day 0 before transannular patch implantation (TAPI) under baseline conditions. †Versus cell day 0 before TAPI under baseline conditions. ‡Control versus cell day 90 after TAPI under baseline conditions. §Control versus cell day 90 after TAPI under dobutamine stress conditions. the groups 6 weeks postoperatively. Parasternal long and puter-assisted planimetry at the region of TAP in eight different sections for each animal with 20 different high-short axis views were obtained with both M-mode and two-dimensional echocardiography images. Right ven-power fields (HPF) of 0.216 mm 2 per section. Immunohistochemical staining with CD-31 antibody tricular end-diastolic and end-systolic volume (RVEDV, RVESV) as well as right and left ventricular ejection [PECAM-1(M-20) goat polyclonal IgG; Santa Cruz Biotechnology, CA, USA] followed by donkey anti-goat fraction (RVEF, LVEF) were determined. The grade of pulmonary insufficiency was scaled in four categories Alexa-Fluor 568-conjugated secondary antibody (Invitrogen) was performed around the region of the TAP and as grade I (minimal), II (mild), III (moderate), and IV (severe).
cell/medium injection for comparison of capillary density between the groups. Sections were then counter-Morphological and Histological Studies stained with DAPI. Four sections of the RV myocardium of each animal along the TAP implantation region and After the measurements in the second surgery hearts were arrested with potassium chloride and rapidly ex-further four sections 1 cm remote from the area of TAP were analyzed using confocal microscopy. Twenty high-cised. The postmortem RVOT preparations were photographed for macroscopic assessment. Paraffin-embedded power fields (0.216 mm 2 ) in each section were randomly selected, and the number of capillaries in each field was 10-µm sections of the RVOT from the region of UCMNC transplantation were used for immunohistochemistry.
averaged and expressed per mm 2 . Hematoxylin-eosin, Goldner, and Kossa stainings were Statistical Analysis applied for histological investigation of the myocardium with regard to morphology of the myocytes, integrity of Data are presented as mean ± SE. Statistical analysis was carried out with the SPSS software package (SPSS the myocardium, detection of fibrosis, and calcifications. The area of fibrosis (in µm 2 ) was analyzed with com-Inc). For time-and procedural-dependent comparison between pre-and postoperative RV function within the We were able to create standardized acute pulmonary regurgitation in all animals with the novel experimental groups, the Wilcoxon signed-rank test was chosen. For overall comparison between the experimental groups surgical technique, which was confirmed by conductance catheter measurements (see below). In the cell data were subjected to one-way analyses of variance (ANOVA) method that applies post hoc multiple Holm-group a mean number of 8.22 ± 6.28 × 10 7 UCMNC was successfully transplanted into the RV myocardium around Sidak tests, the nonparametric Kruskal-Wallis (failing normality), or post hoc multiple Dunn tests. Values of the area of TAP implantation. In the control group medium was injected in the same way and in the region of p < 0.05 were considered statistically significant.
RV myocardium. The mean weight of the animals before the second operation was 40.8 ± 3.5 and 39.7 ± 4.3
RESULTS
kg, in the cell and control groups, respectively.
Experimental Outcome
No mortality was registered due to the surgical proce-FACS and Cell Culture dure. Three animals died postoperatively. In the cell FACS studies revealed 1.2 ± 0.22% CD34 + cells of group, one animal suffered from severe pneumonia and the total mononuclear cell fraction as the end product died on the 11th postoperative day, and the other died after isolation from umbilical cord blood before intraduring the transport to the CT investigation, probably myocardial transfer. After 14 days of cultivation of due to aspiration following premedication. One animal UCMNC in endothelial cell medium we were able to in the control group did not survive late pericardial tamdetect cell cultures showing growth of AcLDL + endotheponade in the second postoperative week.
lial cells (Fig. 2) . This finding confirmed the existence of the CD34 + cell fraction within the UCMNCs. Table 1 contains the data from the monitored hemodynamics during a follow-up period of 90 days. Prior to valvular injury and TAP implantation, RV catheterization did not reveal any significant difference between animals in both experimental groups.
Right Ventricular Functional Analysis

Early Postoperative Right Ventricular Functions at Day 0
Systolic Functions. RVEF following RVOT incision and TAP implantation decreased 20% and 28% in control and cell groups, respectively (both p = 0.008). DP/ dt max was significantly higher when compared to preoperative values in both groups (control group: 15%, cell group: 16%; both p = 0.039). Right ventricular P max increased 15% in the control group (p = 0.008) and 12% in the cell group (p = 0.023) postoperatively. Right ventricular ESV following the surgical procedure was 2.3fold and 2.7-fold increased in control and cell groups (both p = 0.008), confirming the RV volume overload due to pulmonary regurgitation. Although there was a significant 31% increase in CO in the control group (p = 0.023), the 32% increase in UCMNC group hearts did not yield a statistically significant change (p = 0.078). Furthermore, SV was augmented but the differences were not significant in both groups when compared to the preoperative values. RV early postoperative systolic functions were similar in both groups. 53% increase, p = 0.008; and cell group: 58% increase, Long-Term Right Ventricular Functions at Day 90 p = 0.023). Further, EDP was significantly elevated by 36% in control animals (p = 0.016) after surgery, Systolic Functions. Under baseline conditions in both groups CO and SV were found to be significantly whereas the 19% increase found in the cell group was not found to be significant (p = 0.055). DP/dt min was not lower than preoperative levels at day 0 (CO in control group: 32%, p = 0.008; CO in cell group: 18%, p = significantly different from preoperative values in both groups. Again, the comparison of postoperative parame-0.016; SV control group: 43%, p = 0.008; SV cell group: 26%, p = 0.031). Remaining monitored parameters EF, ters between the groups was outside of significant variance. dP/dt max , P max , and ESV were not significantly different than the preoperative findings in both groups. However, cantly reduced by 39% (p = 0.044) and 57% (p = 0.009), respectively ( Figs. 3 and 4 ). although the derangement of right ventricular CO and SV seemed stronger in the control group than in the cell Transthoracic Echocardiography After 6 Weeks group, the comparison of systolic functions in between both groups at day 90 did not expose any significant Echocardiography revealed pulmonary regurgitation differences under baseline conditions. Similarly under in all operated animals. Table 2 shows the absolute valdobutamine stress conditions CO and SV elevations in ues of RVEDV, RVESV, the comparison of RVEF and cell group compared with the control group were again LVEF, and pulmonary insufficiency grades in both not statistically significant (CO: 32%, p = 0.094; SV:
groups. Pulmonary insufficiency grading confirmed a 26%, p = 0.075). In contrast, pharmacologically induced similar extent of pulmonary valve injury when both stress augmented the speed of contraction in the cell study groups are compared (control group: 2.50 ± 0.33; group more prominently when compared to the control cell group: 2.88 ± 0.30; p = 0.19). Figure 5 provides a group (dP/dt max : 24%, p = 0.033).
visualization of the regurgitant flow in the region of the TAP.
Diastolic Functions. Catheterization after 90 days follow-up reflected no significant differences in EDP
Cardiac Computed Tomography and EDV in both groups under baseline conditions when compared with preoperative findings at day 0. More-No adverse tissue changes were detected via cardiac over, both groups revealed moderate decreases in dP/ computed tomography before the second operation. We dt min that did not reach statistical significance late after did not add RV functional volumetric parameters that RVOT incision and TAP implantation (control group:
were gained from the CT because breath-holding epi-21%, p = 0.055; cell group: 23%, p = 0.078). Similar to sodes needed for quantitative analysis would have exthe systolic evaluations, a comparison of diastolic funcposed the animals to a greater risk for hemodynamic tions between cell group and control group at day 90 compromise. Therefore, CT data did not reveal represendid not uncover significant differences under baseline tative values for the assessment of RV function. conditions. Again, dobutamine-induced stress led to sig-Macroscopic and Microscopic Examinations nificantly greater speed of relaxation in the cell group than in the control group (dP/dt min : 36%, p = 0.043).
Macroscopy. All hearts occupied a pulmonary valve ESPVR and EDPVR gained by the occlusion of the annulus defect as expected from echocardiography and vena cava inferior revealed the contractility and elasticcardiac CT. At this region fibrinous, reendothelialized ity indices of the right heart late after surgical PR inductissue covered the TAP. Further, none of the removed tion. Drawing curvilinear ESPVR also causes a source hearts provided evidence for intravascular thrombus or of error (11). However, the adequate quantification of tumor formations in the area of interest. Figure 6A repthe volume intercept of ESPVR within the pressure resents typical tissue formations and RV organic shape range did not reveal significant differences between the late after RVOT incision and TAP implantation. The RV experimental groups under baseline (V 20 ) and dobutamsections that were used for microscopic investigations ine stress (V 40 ) conditions. Likewise, E es did not vary are shown in Figure 6B . between the groups. On the contrary, under dobutamine
Microscopy. The analysis of the area of fibrosis at stress conditions EDPVR shifted rightward downward two different levels did not expose any significant difin the cell group compared with the control group. The ferences between the experimental groups at the area of pressure intercept of EDPVR (P 20 ) and E ed were signifi-TAP (control group: 5523.07 ± 653.43 µm 2 , cell group: 6256.99 ± 1143.99 µm 2 , p = 0.575), and 1 cm away from the area of TAP (control group: 3826.16 ± 323.87 ( Fig. 7) . Again no adverse tissue changes could be de- 
DISCUSSION
tant improvement of myocardial performance (6, 34, 35, 42) . Unfortunately, congenital cardiac anomalies have widely been estranged from cell-based cardiac regenera-Diseased myocardium has been one of the most attractive targets of novel regenerative approaches in the tive approaches. TOF belongs to the most common cyanotic congeni-current era. The delivery of stem cells to the myocardium has successfully been performed in a considerable tal heart defects. Although surgical correction reveals superior early postoperative results (2), chronic pulmo-number of experimental and clinical trials with a resul- those patients with more severe pulmonary regurgitation, may contribute to higher morbidity and mortality in these patients (47).
The employment of stem cell therapies in the complementary treatment of congenital heart defects bears major potential for regenerative medicine in addition to surgical therapies (43). UCB is rich in stem/progenitor cells with enhanced potency for angiogenic and myogenic differentiation and superior proliferative characteristics (19, 33, 36) . These cells have already been therapeutic agents in patients suffering from major hematological disorders (45). UCMNCs have also been used experimentally in several different settings for myocardial regeneration. These cells were administered systemically or locally in settings for the treatment of myocardial infarction with improvement in cardiac function, reduction of infarction size and elevation of capillary density (20, 21, 30) . Recently, immunoselected human UCB CD133 + cells have been reported to possess endothelial and cardiomyogenic properties expressing VE-cadherin, CD146, or muscle proteins such as troponin I and myosin ventricular heavy chains in vitro (8) .
Very early efforts aiming at an experimental enlargement of the pulmonary or aortic orifices were reported in 1914 by Carrel et al. (12) . Our model constitutes a novel experimental model of pulmonary orifice enlargement and pulmonary valve distortion without using extracorporal circulation-a first in the literature. To the best of our knowledge, the present study is one of the very first investigations in the field combining myocardial regenerative therapy with autologous UCMNCs, the RV and congenital cardiac surgery in a large animal model. UCMNCs were successfully isolated and transplanted into RV myocardium around the transannular patch and the site of infundibulotomy. Confirming previous studies using human umbilical cord blood, about 1% of the total sheep UCMNCs expressed CD34, which is known to be a marker for hematopoietic stem cells, satellite cells, and endothelial progenitor cells. The content of endothelial progenitor cells in UCMNCs was also enhancement of systolic properties due to acute pulmonary regurgitation, which corroborates with other reports in the setting of acute volume overload (27, 37) . Echo-nary regurgitation with late RV dysfunction mainly determines long-term morbidity and mortality of patients cardiography after 6 weeks indeed confirmed the success of our experimental strategy by showing pulmonary despite advanced surgical techniques (4) . Patients are candidates for surgical reintervention due to worsening insufficiency between grades II and III in all operated animals. The visualization and adequate functional RV function with a decline in clinical performance, but also malignant ventricular arrhythmias, especially in quantification of the RV via transthoracic echocardiog-raphy is known to be challenging. Therefore, the volu-dynamic analysis. The evidence for a lasting pulmonary insufficiency of grade II-III in the echocardiography at metric parameters gained from the echocardiographic evaluation should receive cautious acceptance. At the 6 weeks and our postmortem macroscopic investigations showing clear signs of pulmonary annular distortion in end of the 3-month follow-up we were already able to observe an alteration of the RV function, which is one all animals contradicts the idea of the resolution of the pulmonary incompetence. A possible explanation would of the main long-term determinants of morbidity and mortality after TOF correction. Even when the derange-be early remodeling or structural adaptation of the RV resisting against spatial dilatation (13). ment for CO and SV seemed more prominent in the control group than in the cell group baseline cardiac func-
We observed significantly enhanced capillary formation in the cell group, which yielded the possible expla-tion did not differ significantly between the groups. Under dobutamine stress conditions, however, hemody-nation of better diastolic function achieved by cell transplantation. The detection of endothelial cells in the namic assessment of the cell group uncovered a better systolic function of the RV with significantly enhanced cultivation of UCMNCs supports the potential role of these cells in the elevation of angiogenesis. This finding values for dP/dt max compared to the controls. Szabo et al. conducted an experimental chronic RV volume overload indicates potential importance for RV remodeling after infundibulotomy and is in concert with other reports in study by creating a femorofemoral arteriovenous shunt in dogs for 3 months (44) . The authors observed that the the literature (21, 30) . In our study the area of fibrosis did not show any significant difference between the chronic volume overload had no effect on RV contractility whereas the inotropic response to an increased after-groups. The average area of fibrosis around the TAP was about 2.7% in both groups, which is a low value load was limited. However, the setting of our experimental approach closely mimics the clinical scenario in when compared to the ratio of myocardial fibrosis in settings for myocardial infarction but slightly over the that the transannular patch implantation with infundibulectomy was the reason for the volume overloading in normal ratio of fibrotic tissue in healthy myocardium (1) . The route for delivery of UCMNCs seems to be safe the RV. Regional contractile deterioration following the incision in the RVOT may have partly influenced the and effective at the time of surgery whereas intracoronary delivery has been reported to be unsuitable for the global systolic performance that was partly preserved in the animals of the cell group. Additionally, the reason treatment of myocardial infarction in a swine model (31) similarly to intravenous delivery of mesenchymal stem for the alteration in systolic function may be dependent on cellular changes in calcium homeostasis and contrac-cells in canine model by Freyman and collegues (17). Moreover, the thin myocardium of the RV free wall tile proteins due to chronic volume stress (3). Because systolic function was not preserved by the increase of must be considered prone to perforation. Therefore, we used a special hand-made double stage needle with an preload (heterometric autoregulation), the remaining mechanism for better systolic function in the cell group epicardial stopper to prevent this eventual complication during the intramyocardial application of UCMNCs. In may involve the increase of contractile performance (homeometric autoregulation), which may have been posi-an experimental study by Borenstein et al. myogenic cell were implanted into the RV myocardium in a setting of tively influenced by the stem cells. On the other hand, the latter has been reported to be completely absent in pulmonary artery banding and two animals were lost as a result of the several injections that presumably lead to chronically volume-overloaded hearts without additional treatment such as stem cells (10).
RV edema and failure (9). We did not observe that kind of complication. Not only the number of injections and It is known that diastolic dysfunction occurs in stressed human hearts (10,39). The difference in dia-the amount of injected volume, but also the appropriate instruments used for injection should be carefully deter-stolic properties between the groups under dobutamine stress conditions was more exaggerated. Because the mined.
Undoubtedly, there are limitations to our study. Firstly, slope and position of EDPVR represent relatively independent parameters for the comparison of elasticity of the conductance catheter method for assessment of the RV function has also been questioned in the literature. the RV, the rightward downward shift of EDPVR slope and reduced intracavitary pressure load under pharmaco-Nevertheless, it is generally accepted as one of the most accurate methods for differentiated functional analysis logically induced stress mirrored the enhanced elasticity of the RV that received UCMNC treatment. Further, dP/ (15,22,28,41). Alternatively, magnetic resonance imaging would have provided a detailed assessment of RV func-dt min under dobutamine stress conditions represented preserved diastolic function in the cell group compared to tion whereas the requirement of sedation and breathholds for qualitative imaging would have exposed ani-the controls. The restoration of RV volume and pressure loadings under baseline conditions at 3 months in com-mals with RV compromise to a higher risk during the investigation and eventually impaired our outcome by parison to the immediate postoperative period in both groups is, however, an interesting feature in our hemo-causing a higher rate of mortality. Secondly, the effects elli, L. Human cord blood CD133+ cells immunoselected of the implanted cells may originate from neovessel forby a clinical-grade apparatus differentiate in vitro into enmation in the transplanted heart, although the definitive dothelial-and cardiomyocyte-like cells. Transfusion 47: evidence is missing if the transplanted autologous cells 280-289; 2007. remained in the myocardium after 3 months, even though 9. Borenstein, N.; Jian, Z.; Fromont, G.; Bruneval, P.; Hekmati, M.; Behr, L.; Laborde, F.; Montarras, D.; Le Bret, E. Non-there is no concern for immunorejection in our autolo- 
